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Disclaimer 
The contents of this report were based on the best available information at the time of publication.  It 
is based in part on various assumptions and predictions.  Conditions may change over time and 
conclusions should be interpreted in the light of the latest information available. 
 Director General, Department of Agriculture Western Australia 2004 
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1.  Introduction 
This Technical Report documents the physical and hydrological characteristics of a farmland 
site on the Esperance Sandplain.  The site was located on ‘Belalie Farm East’ 110 km east of 
the town of Esperance in the locality of Howick (AMG 488900,  6277500) The site was 
typical of the sandplain landsystem which covers 35 % (0.72 million ha) of the Esperance 
Agricultural Region (Nicholas and Short per. com.).   
The farm was cleared over a number of years beginning in the 1970’s and an extensive 
network of windbreaks established.  The experimental site was in a 50 ha paddock bordered 
by planted Pinus pinaster windbreaks.   The native vegetation of the area before clearing was 
Banksia heath.  Mean annual rainfall (1962-1989) for a station located about 20 km to the 
WSW was 527 mm (see Short and Skinner (Section 2) for more detail). 
The work presented in this document details results from four research projects which 
collaborated in describing the characteristics of the site. The projects (in the order which they 
are presented in this Report were: Salinity on the South Coast of WA (Short and Skinner); 
National Resource Information for the WA Wheatbelt (Nicholas and Gee); High Water Use 
Farming Systems (Hall and McClernon) and National Windbreak Program (Scott and 
Sudmeyer).  
In 1994 the site was surveyed, the soils were mapped and the physical and hydrological 
properties of each of the major soil types were determined.  Some bore holes had been drilled 
on the farm prior to 1994 but the network was expanded in 1994 so that the hydrogeology of 
the area could be described.  Tree growth was assessed and rooting patterns determined.  The 
information collected gives a picture of the soil and groundwater conditions likely to be 
encountered at similar sandplain sites.   The following chapters present the results and put 
them into a regional context. 
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2.  Hydrology, geology and climate of the National Windbreaks 
Program trial site, Belalie Farm, Howick WA 
Rod Short1 and Gerry Skinner2 
 
Introduction 
Monitoring and site characterisation of hydrology and geology has been carried out at the 
National Windbreaks Program (NWP), Western Australian site as part of the NLP funded 
project “Salinity on the South Coast of Western Australia”.  The site is located on “Belalie” 
farm, (AMG 488800 mE  6277700 mN) approximately 100 km to the east of Esperance 
township on the south coast of Western Australia (see Figures 2.1 and 2.2). 
Ongoing data collection and analysis using long term monitoring data and more recent site 
investigations has been used to gain both an understanding of processes leading to dryland 
salinity and to investigate solutions for limiting land degradation in the Esperance region. The 
extent of land degradation on the south coast of Western Australia and descriptions of the 
hydrology, geology and physiography has been discussed in detail by McFarlane et al.(1994) 
and Short et al.(1994). 
Results from the NWP site have increased the understanding of recharge mechanisms on the 
Esperance Sandplain.  Recharge processes can vary spatially and temporally and are 
dependant on the local climate, geomorphology and land use.  Identifying the proportion of a 
catchment or geographical area that needs to be managed to reduce recharge is essential in 
addressing water balance issues.  Through an understanding of  local hydrological processes 
and how they relate regionally, treatments which change the water balance can be 
recommended with confidence. 
A summary of the regional geology and hydrology and monitoring results to date and an 
interpretation of the hydrogeology of the East Howick site is described below.  Management 
implications are discussed and recommendations made for further work. 
Regional Physiography and Hydrogeology 
Climate  
The Esperance agricultural region has a Mediterranean type climate with cool, wet winters 
and dry, temperate summers.  Average annual rainfall decreases from 670 mm at Esperance 
away from the coast to 350 mm in the northern Mallee.  Annual  
                                                 
1 Research Hydrogeologist, Catchment Hydrology Group, Agriculture WA, Esperance 
Agricultural Centre. 
2 Technical Hydrologist, Catchment Hydrology Group, Agriculture WA, Esperance 
Agricultural Centre. 
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Figure 2.1  Location Map and Esperance Hydrogeological Zones (Source : Short et al. 1994) 
Class A pan evaporation ranges from approximately 1840 mm at Esperance to around 2200 
mm at Salmon Gums (Luke et al. 1987).  The increase in evaporation parallels the decrease in 
rainfall, resulting in a decrease in the agricultural growing season from seven months at 
Esperance to approximately five months at Salmon Gums.  Approximately two-thirds of the 
annual rain falls between May and October (66% at Jerramungup and 67% at Esperance 
Downs Research Station).  Rain bearing depressions from ex-tropical cyclones and local 
thunder storms occur from October to March.  Wind directions are generally from the north-
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east and south-east in summer.  The eastward passage of low pressure fronts in winter can 
result in gale force winds from the north and west. 
Surface Drainage  
The present surface drainage patterns are a product of the geological history of the South 
Coast of Western Australia.  Prior to the Eocene (54 to 38 million years ago), drainage was 
to the west towards the Perth Basin and to the east towards the Eucla Basin.  Uplifting of 
the Darling Plateau and tilting of  the continental margin during the Tertiary Period (65 
million years ago to the present) diverted drainages to the south.  To the west of Esperance, 
ephemeral rivers and creeks have incised the Tertiary plateau.  On the plateau, surface 
drainage is usually into terminal paperbark (Melaleuca spp.) and yate (Eucalyptus 
occidentalis) swamps.  To the east of Esperance, catchment boundaries are very poorly 
defined.  Clearing for agriculture has increased runoff and raised watertables.  Drainage 
lines filled with Eocene sediments are now being reactivated.  Drainage lines terminate in 
coastal wetlands.  
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Figure 2.2  Farm Layout, Bore Locations & the Location of Cross-sections 
 
Geology 
The Esperance district is underlain by Pre-Cambrian crystalline basement rocks from both the 
Archaean Yilgarn Craton or the Proterozoic Albany - Fraser Orogen.  The Archaean basement 
rocks (about 2300 million years old) occur mainly to the west of Esperance and are similar to 
those in much of the WA wheatbelt.  These basement rocks are comprised of granites and 
gneisses with some older greenstone belts occurring near Ravensthorpe.  The Archaean rocks 
are divided from the basement rocks of the Albany - Fraser Orogen (rocks about 1800 million 
years old) along a line which runs approximately north-east from the Dalyup River. 
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Antarctica began to break away from Australia in the Cretaceous (between 135 to 64 million 
years ago).  This in the continental margin sagging to form the Bremer Basin (Cockbain and 
Hocking 1990).  A marine transgression in the Middle to Late Eocene (about 40 million years 
ago) deposited the Werillup Formation and the Pallinup Siltstone units of the Plantagenet 
Group in palaeodrainage lines and regional depressions in basement rocks. Basement rocks 
now form present day coastal headlands and offshore islands or can be seen inland as high 
points in the landscape such as Wittenoom Hills or Mt Howick.  The Werillup Formation 
consists of a dark grey siltstone, sandstone, claystone and lignite (brown coal) and limestone 
deposited in low energy fluvial or lacustrine environments.  The Pallinup Siltstone consists of 
siltstone and spongelite deposited in a marine environment.  
The Darling Plateau began to be uplifted in the Oligocene (about 30 million years ago) and 
resulted in the southern coastline tilting towards the south to form the Ravensthorpe Ramp.  
The hinge line is known as the Jarrahwood Axis (Cope 1974) and now defines the inland 
extent of southerly flowing drainage.  Drainage lines were partly rejuvenated due to the tilting 
and surficial sand deposits were redistributed by the wind.  Quaternary sand and limestone 
deposited over the last 2 million years extends along the coastline.  Carbonate leaching and 
lateritisation took place to form the present topography and soil profiles. 
Hydrogeology 
The hydrology of the district is influenced by both its geological history and surficial 
weathering processes. In the Esperance Agricultural Advisory District, located to the east of 
Ravensthorpe, fourteen hydrogeological zones have been identified (Short et al. 1994).  Zones 
to the east of Esperance are shown in Figure 1. 
Tertiary sediments overlie Precambrian basement rocks over much of the region.  Sandplain 
soils mask the underlying geology.  Around Esperance basal sands of the Werillup Formation 
are restricted to lows in the basement topography and are relatively  more permeable than the 
Pallinup Siltstone.  Groundwaters in the Plantagenet Group and Werrillup Formation 
sediments are usually saline.  Drilling to the north east of Esperance has located the Werillup 
Formation along palaeo-drainage lines.  The extent of the Werillup Formation under the 
sandplain is still unclear. 
Studies in the Esperance region have shown that four aquifers may be present; a deep semi-
confined / confined regional aquifer in weathered basement rocks; semi-confined / unconfined 
aquifers in overlying Tertiary sediments, shallow seasonal perched aquifers in duplex soils 
(responsible for waterlogging) and perched aquifers in deep sand sheets and dunes.  These 
aquifers may be connected and, with the exception of the perched aquifers, are often saline.  
The finely grained nature of the Pallinup Siltstone and the upper part of the Werillup 
Formation results in low hydraulic conductivities and groundwater yields.  Spongolite 
sections of the Pallinup Siltstone are more permeable.  To the east of Esperance fine grained 
sand lenses up to 3.5 m thick occur in Pallinup siltstone sequences.  Recharge to groundwater 
through Tertiary sediments is probably dominated by preferred pathways such as solution 
cavities and root channels.  These pathways have been observed to extend to depths up to 8 m 
below the surface but may be being blocked by the precipitation of carbonate.  Hydraulic 
gradients appear to be less than 0.1% and prior to clearing many aquifers were probably 
isolated by Precambrian bedrock barriers.  
Perched aquifers in deep sands sheets can contain water of stock quality (< 2,000 mS/m).  
Lateral movement of water through these sands towards topographic lows causes seasonal 
waterlogging.  Other drainage end points, such as paperbark and yate swamps, may be either 
recharge or discharge sites for deeper regional aquifers.  Hearne (1991) showed that a seepage 
scalds in the Cascade area was due to a perched aquifer and that the regional aquifer was 
more than 13 m below the surface. 
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Dolerite dykes do not intrude into the sediments and form barriers to groundwater flow.  
Bedrock highs are the major barriers that water can accumulate behind to form saline seeps.  
In many areas where there is shallow bedrock, such as the central part of the Esperance 
region, watertables are within 2 m of the surface and are the cause of secondary salinity.  As 
watertables rise, the salts in soils with high salt storage are being remobilised along drainage 
lines, causing seepage scalds.  Fault zones in basement rock also have high salt storages but 
their influence on secondary salinity is unknown.  
Groundwater salinity increases away from the coast with fresh to brackish water occurring 
within 20 km of the coastline.  Groundwater on the sandplain ranges from 45 to 5065 mS/m 
while groundwater salinity in mallee areas to the north may be as high as 13,300 mS/m.  
Although long-term and reliable water level records are scarce, groundwaters are generally 
rising at between 0.1 to 0.3 m/year and in some cases, at up to 0.5 m/year.  In many areas of 
the sandplain and mallee areas, saline groundwaters are within 10 m of the surface.  Salt 
storages in the top 6 m of the regolith range up to 850 t/ha in the mallee and 125 t/ha on the 
sandplain. 
Approximately a third of annual rainfall occurs outside the annual pasture and cereal cropping 
winter growing season.  Since clearing for agriculture, recharge to groundwater has increased.  
Native vegetation in the region is estimated to have used over 95% of rainfall while farm 
systems in place at Esperance are estimated to be using only 90% of the annual rainfall (Hall 
1997).  There is clearly an urgent need to reduce recharge to groundwater and address water 
imbalance issues. 
National Windbreaks Program Site 
The NWP site is situated within Hydrogeological Zone 1 (Figure 2.1) and within the 
“Esperance” land system (Overheu et al. 1993).  Average annual rainfall in Zone 1 is greater 
than 450 mm.  This zone consists of mostly cleared Esperance Sandplain located near the 
coast.  The southern boundary abuts uncleared coastal vegetation and wetland systems (Zone 
12) and extends to the  shoreline in the east.  Zone 1 abuts Zones 2 and 4 to the north.  The 
northern boundary is interpreted as a Tertiary shoreline.  
The main short term land degradation hazards within this zone are wind erosion and 
waterlogging.  However, it is estimated that approximately 6 % of Zone 1 is affected to some 
degree by secondary salinity with a predicted loss of 25 % of arable land under current 
management practices (Short and Skinner 1997).  
The sandplain is a level to undulating plain with poorly developed drainage lines and areas of 
internal drainage which terminate in Yate or Paperbark swamps.  Areas of deep sand are 
common to the north-east of the zone as longitudinal dunes or sand sheets.  Tertiary 
sediments unconformably overlie older fresh bedrock.  Isolated bedrock highs (palaeo-
islands) occur within the landscape beneath sandplain cover or as large outcrops 
(monadnocks).  The dominant soils are duplex and consist of fine grained sands and lateritic 
gravels to a depth of approximately 1 m over fine to medium grained sandy clays and deep 
uniform sands.  The soil survey at the site found carbonates (CaCO3) in soil profiles. 
Four groundwater systems are present in Zone 1.  Deep semi-confined/confined regional 
aquifers above basement rocks, semi confined/unconfined aquifers in overlying Tertiary 
sediments, seasonal perched systems on the clay B horizons or on bedrock depressions within 
basement highs and perched systems within deep sand sheets and dunes.  Hydraulic gradients 
are low  (generally < 0.4%) with flow directions are influenced by the distribution of recharge 
areas and basement topography.  Rates of watertable rise have been measured between 0.1 
and 0.3 m/year.  High salt storages may occur at depth in the regolith.  Salt storages in the top 
6 m of the regolith range from 20 to 125 t/ha.  In 1995, watertables in this zone had a mean 
depth of 11.4 m and a median value for electrical conductivity of  1350 mS/m. 
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Climate and Rainfall 
Hydrogeological processes are closely related to rainfall events at the NWP site.  On-site 
meteorological data has been collected since July 1994.  Rainfall data from Mt Howick 
Station located approximately 10 km to the south-west was used to interpret long term 
hydrological trends.  Average rainfall from 1962 - 1995 was 517 mm and annual rainfall 
figures are shown in Figure 2.3.  The rainfall at Mt Howick Station and the NWP site are 
compared in Figure 2.4.  The general pattern of rainfall is similar at each site however the 
variability between sites can be clearly seen.  Only the general trend in monthly rainfall 
pattern from Mt Howick Station can be used to interpret long term bore hydrographs (Figure 
2.5).   
At Mt Howick Station the pattern of monthly rainfall since 1962 (using a moving average) 
shows a wetter period between April 1991 and November 1993, although 1991 and 1993 were 
below average rainfall.  This period was followed by a drier period from 1994 to mid 1995 
(Figure 2.5).  The years 1992 and 1994 recorded the highest and lowest annual rainfalls on 
record.  These periods demonstrate the inter-annual and intra-annual variability of local 
rainfall.   Long term monitoring is required for meaningful interpretation of groundwater and 
salinity trends.   
Site Investigation - Drilling 
There are currently 26 bores monitored on Belalie Farm.  Nine are located on the National 
Windbreaks Program Trial Site and 17 in surrounding paddocks and road reserves (Figure 
2.2).  Bores have been monitored on either a monthly or quarterly basis since 1986 and 
provide a long term picture of groundwater trends.  Continuous data loggers were installed on 
two bores to record the response to short term rainfall events.  
Drilling was carried out using a Gemco HM 7 Auger drill rig.  All bores have been surveyed 
to Australian Height Datum (AHD) with Australian Mapping Grid (AMG) co-ordinates.  The 
location and elevation of all bores has been entered on the Agriculture Western Australia  
(AGWA) Geographic Information System at the Esperance Agricultural Centre.  A list of 
bores, their specifications and position is shown in Appendix 2.1. 
All bores were constructed as piezometer nests and established to either bedrock, to several 
meters below the watertable or located within a sand lens in Tertiary sediments.  Bores were 
cased using 50 mm Class 9 PVC casing with a 2 m slotted section at the end.  The annulus 
was back filled with graded 5 mm screenings to cover the slotting and bentonite clay was 
used as a seal above the gravel pack.  Each hole was backfilled with drill cuttings.  A concrete 
collar was constructed at the surface except on the study site where bores are seasonally 
buried during seeding and harvesting.  Bores were developed using an air compressor and 
water samples taken for analysis.   
Soil samples were taken at 1 or 2 m intervals above the watertable.  Care was taken during 
drilling to clean augers and ensure minimal contamination and maximum confidence in the 
sample depth interval.  Good samples can be taken above the watertable down to at least six 
meters.  Below this depth, contamination can be a problem.  Samples were analysed for pH, 
chloride and EC 1:5.  Salt storages were calculated for the six metres below the surface at 
each drill site.   
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Figure 2.3 Annual Rainfall (mm) - Mt Howick Station (Source: Bureau of Meteorology)  
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Figure 2.4  Comparison of rainfall at Mt Howick Station and NWP site 
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Figure 2.5  Long term Rainfall Trends at Mt Howick Station 
Eight bores (Bores GR1 to 8) were established on the property in 1986 by AGWA and an 
additional bore was established by AGWA and Eucla Mining (Bore EM38) in 1988.  Bores 
GR1,2,4,5,9,10 and 18 are located on shallow bedrock profiles (Figure 2.6) with  < 10 m of 
overlying Tertiary sediments.  All other bores are located within thicker sequences of Tertiary 
sediments or within regional groundwater systems in weathered basement rocks.   
Fifteen additional piezometers were established in March 1994 to characterise the 
hydrogeology of the site as part of the NWP (Bores GR9 to 14 and Bores WB1 - 9).  A further 
4 bores were established in Feb 1995 to refine the hydrogeological model. 
A bore network has also been established around the NWP site and along a north-west - 
south-east transect across the site at 2.5, 7 and 20 tree heights out from the windbreaks 
(Cross-section D-D’ Figure 2.7).  Trees at the site are approximately 8 m high.  Multiples 
of tree heights are used to describe distance away from the windbreak.  Bores were drilled 
to different depths beneath the watertable and into a sand lens (approx. 2 - 4 m thick) which 
is present over much of the study area at a depth at 5 to 11 m.  The watertable at the site is 
at approx. 14 - 16 m below the surface, with a hydraulic gradient of approximately 0.1% to 
the south-west. 
Bore GR15  in Tertiary sediments was drilled to the watertable in a topographic depression to 
investigate mechanisms controlling recharge (preferred pathway or matrix flow).  This bore is 
equipped with a data logger to determine if a ground water mound forms as a result of rainfall 
events.  Bores GR16, 17 & 18 were drilled to locate a basement high, to investigate the extent 
and flow direction of groundwater and to investigate possible recharge through weathered 
basement in higher parts of the landscape. 
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Figure 2.6 Piezometer Locations, Groundwater Depths and Conductivities, Groundwater Contours. 
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Results 
Hydrogeology 
Drilling at Belalie Farm intersected deeply weathered Pallinup siltstone and weathered 
basement in most holes.  The basement is a chlorite biotite gneiss (GR9) to the north of the 
study site and pink granite gneiss within the study site and to the south.  The weathered 
siltstone varies between  buff, yellow orange and brown mottled sandy clays, with or without 
limonitic and haematitic mottling.  Silcrete fragments are common.  Samples from near the 
watertable were often more red/brown - orange (oxidised ?) and sticky with clay.  Kaolin was 
encountered in a dry hole to basement (GR9).  Weathered basement immediately above fresh 
rock is coarse grained.  This is a result of the progressive weathering of primary minerals.  
The thickness of this layer is not known and is unlikely to be uniform.   
Hydraulic properties in weathered basement above bedrock are likely to be variable due to 
irregular weathering (eg. core stones).  Saturated hydraulic conductivities (Ks) could be 
expected to range from 0.1 to 10 m per day however no slug or pump testing has been carried 
out.  Sample return was generally poor after the watertable was encountered making changes 
in lithology difficult to determine.  A sand lens is present under the site and appears to thicken 
to the SE and pinch out towards GR14 and WB1.  It consists of well sorted, medium grained, 
off-white, yellow and orange sand with <10% clay.  The sand was probably deposited in a 
fluvial environment and suggests reworking of the Pallinup siltstone after deposition. 
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Figure 2.7  Belalie Farm, Cross-Section D - D’ - Bore Locations, Depth to Groundwater and 
Lithology 
 
Groundwater levels 
Hydrographs are shown in Figure 2.8.  The hydrograph for EM38 (Figure 2.8a) shows the 
water levels in bores have risen by an average of 0.28 m/yr over the past 5 years.  Bore GR8 
(Figure 2.8b) shows that despite dry years in 1991 and 1994 there was no fall in water levels, 
only a reduction in the rate of rise. During drilling, estimates were made of the depth to the 
saturated zone.  These estimated depths were similar to subsequent recorded depths of water 
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levels in piezometers.  This implies that the water level in the bores reflect the depth to the 
watertable as opposed to piezometric pressure.       
Bore GR3 is located under a tagasaste plantation on deep sand at the footslope of a rock 
outcrop while GR2 is located higher in the landscape within weathered basement rock (Figure 
2.6).  A rapid response to rainfall events can be seen in GR2 (Figure 8f), while bore GR3 
(Figure 2.8g)  records a continuous rise with seasonal fluctuations.  This suggests that areas 
higher in the landscape are contributing to recharge. 
A data logger installed in 1994 in bore WB1 also shows the continuous upward trend of 
water levels (Figure 2.8h).  This indicates the aquifer is being constantly recharged.  
Small fluctuations in the hydrograph are due to diurnal changes in barometric pressure.  
The barometric efficiency of bores can be used to indicate the degree of confinement of 
the aquifer.  Higher values indicate increased aquifer confinement.  Bore WB1 has a 
barometric efficiency of 40 % (D. Hall pers. comm).  Using the values given by Salama et 
al. (1993), the degree of confinement of  the aquifer at the site is in the lower range for 
semi - confined aquifers (42% - 65%).   
The three cross-sections shown in Figures 2.9, 2.10 and 2.11 show the geology, location, 
depth of bores,  water quality, and the depth of the watertable in November 1995.  Figure 2.9 
shows that two regional groundwater systems occur at the site which are separated by a 
bedrock high.    When drilling bore GR9, no saturated zone was encountered above fresh rock 
which suggests that the two aquifers are not connected.  Fracturing in the basement rocks may 
provide a pathway for groundwater.  A seasonal perched system occurs within the soil A 
horizon and in shallow soils in the bedrock high to the north-east of the windbreak site.  The 
deeper aquifers occur within the weathered basement profile and sandy clays of the Pallinup 
siltstone. 
Analysis of limited piezometric data for the north of the bedrock high (117.4 - 121.4 m AHD)  
indicates a hydraulic gradient of approximately 0.3 %, decreasing to the south.  Depth to 
watertable from the surface ranges from 6.7 to 8.9 m.  The watertable under the south-western 
end of the farm ranges from 12 to 17 m from the surface (101.7 - 105.3 m AHD) with the 
hydraulic gradients approximately 0.4 % or less to the south - west.  Groundwater contours 
are shown in Figure 6 and flow directions indicate flow towards a series of local swamps for 
the northern regional aquifer and towards a local drainage depression for the regional aquifer 
on the southern part of the farm.  There is an upward vertical gradient in piezometers nests 
located at the study site -  Bores WB4i and WB5D, GR13i and 13D of  0.07 m and 0.37 m 
respectively. 
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Figure 2.8 (a-h)  Hydrographs - Depth to Groundwater and Salinity (Conductivity) 
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Figure 2.8 (a-h)  Hydrographs - Depth to Groundwater and Salinity (Conductivity) - 
continued 
Groundwater Salinity 
Groundwater salinity (electrical conductivity - mS/m) has been monitored since 1992.  Before 
sampling,  the column of water is purged from bores using compressed air.  While the salinity 
varies between bores the water quality has remained constant within bores.  In higher parts of 
the landscape the groundwater salinity is lower.  In these areas, sediments lens out against 
basement highs (GR5 and 10, Figures 2.8c & 2.8d).  Salinity is highest in the northern 
regional aquifer (eg. GR7, Figure 2.8e).  Away from the basement high margins, the salinity 
of the regional groundwater stays constant throughout the year.  
Regolith Salt Stores, pH and EC profiles 
Representative EC and pH profiles are shown in Figure 2.12.  Bores GR1 and 4 located near 
outcropping rock show a acid to neutral pH range (pH 4.7 to 7.6) and bores GR2,5 and 9 
located on shallow bedrock have pH values less than 8.2 (with good correlation between Cl 
estimated and Cl actual).  Soils profiles within Tertiary sediments greater than 10 m thick (eg. 
GR8, WB5D) have pH values greater than 8.2 (up to pH 9.7) in the first 6 m.  A zone of high 
salt storage occurs between 2 and 6 m in most holes.  Bore GR3 on the deeper sand overlying 
Tertiary sediments showed low EC values and a pH range from 5.5 - 7.9. 
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Drilling samples from the 1994 drilling program show notable differences between the 
estimated and calculated chloride values.  Brian Wren (Agriculture W.A., pers comm) 
suggests that this is possibly due to free lime in the soils which become soluble during the 
chloride analysis (titration with silver nitrate).  The biggest differences correspond with high 
pH values (> pH 8.2).  Where shallow bedrock occurs it appears that free lime has been 
leached, possibly with other mobile elements.  Soils and weathered material on shallow 
bedrock areas generally show a lower range of EC 1:5 values throughout the profile.  Lower 
values occur in the first 2 metres of all shallow bedrock soil profiles and in a few profiles 
across the study site. 
Discussion 
The north-south transect of bores (Cross-section A-A’,  Figure 2.9) indicates that two 
different  groundwater systems are present and separated by a basement high.  Outcropping 
basement rock occurs in the eastern corner of the property and extends along the south-
eastern boundary adjacent to tagasaste planted on deep sand.  Tertiary sediments thin out 
towards the basement high (Figure 2.9).  The shallow bedrock ridge extends to the west and 
forms a barrier between the two watertables (Figure 2.6).  Areas of shallow bedrock mapped 
from aerial photography interpretation (topographic highs) and drilling appear to be 
associated with land units having greater than 1 % slope.  Weathered basement material in 
these areas is closer to the surface and may be more permeable with a higher hydraulic 
conductivity (Ks) than the surrounding sediments.  
Annual rainfall not used by vegetation is infiltrating past the root zone in higher parts of the 
landscape and increasing groundwater storage.  Recharge through preferred pathways, such as 
old root channels in the relatively thinner sediment layers, probably only occurs when the A 
horizon of duplex soils is saturated.  Where sediments are thicker, such as on the study site (> 
10 m),  the depth of the clays make recharge through preferential pathways unlikely.  Here the 
clay rich Tertiary sediments appear to act as an aquitard.  Lower pH and EC values at shallow 
bedrock sites may indicate increased leaching through these profiles.  
Bores located where sediments begin to thin also exhibit continuously rising water levels, but  
have lower water salinities (GR5 and 10).  However, the response of bores near the outcrop to 
rainfall events is rapid (bores GR1, 2 and 4).  This is attributed to rainfall rapidly infiltrating 
the weathered bedrock profile.  Groundwater in these bores is of better quality (approximately 
1300 mS/m).  
Most bores drilled into the watertable through Tertiary sediments exhibit a monotonically 
rising trend (eg EM38).  The piezometer nests on the study site confirm upward vertical 
gradients.  Henschke (1981) noted that work done by Holmes (1979) shows that given a 
positive head gradient and with enough time, significant amounts of salt and water can be 
transported through apparently dry and slowly permeable strata.  A data logger installed in 
1994 on bore WB1 shows the continuous upward trend of water levels indicating the aquifer 
is being constantly recharged.  Barometric efficiency calculations suggests that the aquifer at 
the site is in the lower range for semi - confined aquifers. 
The surface drainage depression approximately 100 meters south of the main transect on the 
study site rapidly becomes inundated after rainfall events.  Being a broad shallow body of 
water, evaporation probably accounts for most of the water loss from the depression.  
However some recharge may be occurring through preferred pathways once the soil A 
horizon becomes saturated.  For this to occur, preferred pathways would need to extend 
approximately 14 m in depth.  The sub-soils are dense (SG 1.6) and it is not clear if the roots 
of native vegetation extended this far.  Bore GR15 is located on the edge of this depression 
and monitoring shows  no groundwater mound at the watertable suggesting that it is not a 
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(preferential pathway) recharge site.  A continuous data logger was installed during the 1995 
summer and the response of the aquifer to winter rainfall in 1996 will be monitored.  
Bore GR 3 is under Tagasaste planted on deep sand (Figure 2.11).  The bore extends to the 
regional watertable (weathered basement rocks and sandy clays of the Pallinup siltstone and 
possibly the Werrillup Formation at depth).  Groundwater may be moving towards this area 
from the outcrop to the north-west and away from the bore to the south-west.  Recharge rates 
may be high through the deep sand.  
Groundwater in both regional aquifers is moving toward lower parts of the landscape such as 
drainage depressions and local swamps.  Discharge through these sites has not been 
investigated.  Flow rates (Ks) through the weathered bedrock may be high with any discharge 
to low points in the landscape being removed by evaporation.   
On Belalie Farm, investigations to date suggest that recharge rates may be higher around 
bedrock highs and basement outcrops than over broader flatter areas with thick clay layers.  
Groundwater below the NWP site in weathered Tertiary clay is rising in response to each 
years rainfall.  These bores record an initial increase in pressure after a recharge event that is 
followed by upward discharge that finds an annual equilibrium level at atmospheric pressure 
(ie the watertable). 
Management Implications 
There is a clear and urgent need to address the water imbalance of farming systems in 
Western Australia on both a catchment and farm scale.  Maximising water use across farms 
should be a priority for farming system designers.  The study at Belalie indicates that 
concentrating the use of  perennial species on areas of shallow bedrock may be more effective 
in reducing recharge to the regional groundwater system in comparison to perennials on 
lower, flatter areas and would improve the whole farm water balance. 
Deeper rooted perennial pastures in combination with tree wind breaks can provide a buffer 
against annual recharge events.  On flatter areas, current winter cropping systems may not be 
contributing greatly to recharge unless waterlogging or inundation occurs, allowing recharge 
through preferred pathways in thick clay profiles.  Preventing waterlogging and soil loss and 
maintaining ground cover throughout the year should be the focus for managers.  Allowing 
areas to bare off in summer can allow wind erosion of soils and increases the subsequent risk 
of waterlogging and inundation.  Under these conditions, the establishment of groundcover 
becomes more difficult.  Windbreaks should be incorporated across the farm to prevent wind 
erosion while deep perennial vegetation needs to be planted on the slopes and monitored for 
water use. 
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Figure 2.9 Belalie Farm  Cross-section A - A’ - Bore Locations, Depth to Groundwater and Lithology 
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Figure 2.10  Belalie Farm  Cross-section B-B’ - Bore Locations, Depth to Groundwater and Lithology 
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Figure 2.11  Belalie Farm  Cross-section C-C’ - Bore Locations, Depth to Groundwater and Lithology 
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Figure 2.12 Representative EC and pH profiles 
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Figure 2.12 Representative EC and pH profiles - continued 
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Figure 2.12  Representative EC and pH profiles - continued 
 
Conclusions 
At Belalie, hydrographs, groundwater conductivity and the interpretation of geology and 
groundwater flow patterns indicates that there are two recharge processes.  Most recharge at 
the site is occurring in areas of shallow bedrock where recharge occurs through both matrix 
flow and macropores.  In flatter parts of the landscape, Tertiary sediments are thicker (> 10 
m) and recharge may only be occurring  through macropores when waterlogging or 
inundation occurs.  Groundwater is moving down through the weathered basement profile and 
increasing groundwater pressures beneath the Tertiary sediments.  Upward discharge through 
the dense sediments (sandy clays) is occurring at approximately 28 cm per year.  The 
discharge of  groundwater may be occurring in some swamps and drainage depressions on the 
farm or moving into storage with discharge yet to occur. 
Recharge in areas where shallow bedrock occurs needs to be reduced through the use of deep 
perennial vegetation.  Removing excess water within the shallow basement profiles will 
provide a buffer for recharge from seasonal rainfall events and reduce the rate of groundwater 
rise beneath the flatter parts of the landscape where Tertiary sediments are thicker.  For water 
use, the focus for farm planning on flatter areas should be on addressing wind erosion, 
waterlogging and inundation issues to prevent potential recharge through macropores and to 
prevent annual crop losses which can lead to wind erosion risks in late summer.  
Recommendations 
Further Investigations 
 Drill along Section B to investigate the boundary to the higher recharge areas.  Data 
loggers need to be installed before the break of season in 1996. 
 Investigate with drilling the sub-surface discharge mechanisms in drainage depressions 
and swamps 
 Carry out slug or pump tests to establish Ks values 
 Continue to monitor all bores for water levels and groundwater salinity (conductivity). 
 Determine if seasonal changes occur in vertical hydraulic gradients 
 Carry out groundwater modelling. 
 Use environmental tracers to investigate the relative ages of groundwaters 
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Farm Planning 
There is a need to increase water use in areas of shallow bedrock profiles.  This could be 
achieved by  
• The introduction of perennial species 
• Investigating the use of phase cropping eg. lucerne   
Trees in the lower parts of the landscape form an important part of wind erosion prevention 
strategies.  
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3.  Soils of the National Windbreaks Program trial site, Belalie 
Farm, Esperance WA 
Brendan Nicholas3 and Stephen Gee2 
 
Introduction 
This soil survey was undertaken as part of the National Windbreaks Project (NWP), East 
Howick site characterisation.  The aim was to provide soil information, characterise the site 
and assist in planning the experimental program. The information collected has broader 
application for those working in similar areas. The trial site area has previously been covered 
by the regional mapping program undertaken by Agriculture Western Australia.  The mapping 
scale of 1:100 000 provided background information but was of limited use in planning the 
research program.  This section describes the results of the soil survey. 
Study Area 
The NWP trial site (AMG 488800E, 6277700N, Zone 51) is located 100km east of Esperance 
and 30km north east of Condingup township, (see Figure 2.1 Section 2). The trial site falls 
within the north eastern boundary of the Esperance land system (Overheu et al. 1993). The 
Esperance sandplain is a level to gently undulating internally drained plain.  Dominant soils 
are deep sandy duplex soils often with ironstone gravel layers.  To the east of Condingup this 
ironstone gravel layer is not always present.  Associated soils are deep uniform sands on the 
numerous subdued sand sheets and dunes.  Broadly speaking the East Howick site is 
representative of the major soil types of the Esperance land system.  
Physiography  
The landform pattern (McDonald et al. 1990) of the site is sandplain, composed of a level 
plain and subdued sandsheet elements (see Section 5).  Within the site is a small incipient 
drainage depression which fills during winter and evaporates over summer.  Slope is less than 
1%, falling from north east to south west.   
The geology is Tertiary sediments of the Plantangent group, overlying Proterozoic granite and 
gneiss basement rock.  During the Quaternary period aeolian activity resulted in an 
accumulation of sand dunes and sheets, distributing the characteristic fine sand across the site 
(see Section 2 for more detail).   
Parent material and soil descriptions.  
The soils across the study site are derived from two parent materials.  The fine sandy horizons 
from Quaternary aeolian sand and the clays from Tertiary marine sediments of the Plantagent 
Group. 
The soils with a clay horizon at less than 80 cm depth are duplex soils.  The sand has overlain 
the clay for sufficient time for pedogenesis to occur across the lithological discontinuity.  The 
field evidence of this is bleached sand above the clay layers; domed solonetzic subsoils; clay 
cutans and organic matter stains.  Waterlogging during winter is a land management 
consideration. 
The soils with sandy horizons deeper than 80 cm are described as uniform sands overlying a 
clayey substrate.  Pedogenesis between the sand and clay is less if not absent.  The sands have 
                                                 
1 Research Officer, Agriculture WA, Esperance Agricultural Centre, Esperance Western 
Australia 
2 Technical Officer, Agriculture WA, Esperance Agricultural Centre, Esperance Western 
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weakly developed B horizons with only a slight increase in clay and colour development in 
the sandy subsoil.  Waterlogging is not usually a land management consideration. 
Origin of ferruginous gravels  
On the survey area it is hypothesised that the ferruginous gravels are relics of past deep 
weathering events (laterization processes) which occurred during a wetter climate during the 
Tertiary period.  Subsequently the gravels may have been redistributed and sorted by surface 
transport processes.  The Australian Soil Classification (Isbell 1993) makes the points that it 
can be extremely difficult to differentiate between segregation’s (gravels) that have formed in 
situ or coarse fragments that have been transported into the soil profile. 
Site disturbance  
The site has been completely cleared and cultivated for rainfed crops and pasture. The native 
vegetation would have been a mallee-heath on the duplex soils and Banksia speciosa 
shrubland on the deep sands.   
Soil Survey Methods 
The soil survey was carried out according to the guidelines described in Gunn et al. (1984)  
The survey used a grid technique to minimise bias.  A fifty by fifty metre grid was established 
as part of the topographical survey.  174 sites were surveyed giving an observation density of 
3.5 observations per hectare. Appendix 3.1 lists the grid coordinates. Soil profiles were 
examined by digging small pits into the topsoil and auger boring into the subsoil.  Deep sands 
were examined using sand augers capable of boring to two metres. Soil pits were excavated in 
the three major soil types for description, and sampled for chemical and physical analysis.   
Soils were described using standards described in Mc Donald et al. (1990) and coded for 
storage in the Western Australian Soil Profile Database (Purdie 1993, Peluso 1993).   
Soils were classified using three schemes.  The Australian Classification (Isbell 1993),  The 
Factual Key (Northcote 1979) and Great Soil Groups (Stace et al. 1969).  Profiles were 
assigned to soil groups after field description and classification.  The soils were also placed 
into the Soil Groups of W.A. (Schoknecht in prep.) a grouping system devised for easy 
communication of soil information.  The representative profiles were assigned to soil series 
(Purdie 1993b) which relate the soils to the regional mapping program.  
Map boundaries were drawn mid-way between the grid points with different soil types giving 
the survey a resolution of 25 metres.  Map boundaries were digitised using Microstation 
mapping software. 
Results 
Soil types delineated and mapped 
Five soil types were identified across the trial site of which three were major soil types and 
two minor soil types. Figure 3.1 shows the distribution of the five soil types across the NWP 
site. The five soil types are briefly described below and in more detail in Tables 3.1 – 3.6. 
Morphology, Chemistry and Physical description  
Representative profiles of the three major soil types were sampled for chemical and physical 
analysis. Soil Type 1 was sampled twice, within the plain and from a small seasonally 
inundated drainage depression.  This was to determine if there is any difference in the soil 
type due to change in landform and soil moisture regime. 
Soil Type 1 (Grey deep sandy duplex (gravelly), Fleming series) 
This soil has a loose, grey, deep fine sandy, water repellent topsoil overlying a conspicuously 
bleached white sandy horizon.  A layer of ferruginous (ironstone) gravels is present at the 
interface of the A and B horizons.  The ferruginous gravels may have been transported in 
rather than formed in situ.  A large texture increase marks the beginning of a yellowish 
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coloured clayey subsoil.  Where this soil types occurs in the depression it has a grey subsoil, 
reflecting a wetter soil moisture regime compared to the surrounding plain and is regarded as 
a swamp or grey variant of this soil.  Subsoils are poorly structured with massive to weak 
blocky structure.  Relic native vegetation roots follow the faces between the structural units.  
The pH is slightly acidic in the topsoil becoming neutral at depth. 
Soil Type 2 (Grey deep sandy duplex, Condingup series)  
This soil has a loose, grey, fine sandy, water repellent topsoil overlying a conspicuously 
bleached sandy horizon  that abruptly overlies a columnar clay subsoil. The tops of the domes 
have extremely high strength with some cementing from illuviated material.  In the deep 
subsoil carbonate is present in old root channels. The topsoil is acidic and becomes neutral to 
alkaline at depth.  
Soil Type 3 (Pale deep sand, Corinup series)  
This soil has a grey, fine sandy, water repellent topsoil over a bleached sandy horizon that 
gradually changes to weak B horizon showing an increase in colour and clay content with 
weak ironstone mottling.  At depth the sand overlies substrate clay.  The topsoil is acidic 
becoming neutral in the subsoil.  
Soil Type 4 (Grey deep sandy duplex) 
A minor soil type similar to Soil Type 2.  This soil has a grey fine sandy water repellent 
topsoil over a bleached layer that abruptly overlies the clayey subsoil.  The subsoil contains 
ironstone nodules within the clay matrix, possibly transported rather than formed in situ.  The 
topsoil is acidic becoming neutral at depth.  
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Figure 3.1  Distribution of the soil types across the NWP experimental site.  Descriptions of 
typical profiles are given in Tables 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6  
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Soil series Fleming 1 series (deep sandy phase)  
Australian Soil Classification  
Great Soil Group 
Northcote PPF 
Ferric, Mesonatric, Grey, Sodosol  
Lateritic podzolic 
Dy 5.42 
Location  Mt Howick,  Nation Windbreaks Project Site  
Landform Level plain <1% slope 
Parent Material  Tertiary marine sediments with additions of aeolian 
sand  
Surface Condition Loose and water repellent 
 
Morphological description 
Layer Depth 
(cm) 
Horizon Description 
1 0-15 Ap Dark, greyish brown (10YR 4/2 m); light brownish grey (10YR 6/2 
d); fine sand; loose surface; strongly water repellent; single grain 
structure; many roots (crop); abrupt boundary. 
2 15-35 A12 Light yellowish brown (10YR 6/4 m); white (10YR 8/2 d) fine 
sand; very weak consistence; single grain structure; water 
repellent; gradual boundary. 
3 35-61 A2e Very pale brown (10YR 7/4) (10YR 8/3 d); with few fine faint yellow 
(10YR 7/8) mottling; fine sand; single grain structure, slightly 
cemented; weak consistence; abrupt smooth boundary.  
4 61-91 A3c Light yellowish brown (2.5Y 6/4 m) pale yellow (2.5Y 7/3 d); fine 
sand; single grain structure; very weak consistence; many coarse 
ferruginous concretions 6-20mm; pH 7.5 clear boundary. 
5 91-117 B2tc Light grey (5Y 7/2 m); pale yellow (5Y 8/13 d); with many medium 
distinct yellow (10YR 7/6), mottles; light medium clay; very firm 
consistence; strong angular blocky structure 20-50mm; many 
ferruginous concretions 6-20 mm size; clear boundary. 
6 117-146 B2c Light grey (5Y 7/2 m d); common, medium distinct yellow (10YR 
7/16) mottling; coarse sandy, light medium clay; strong angular 
blocky structure 10-20mm size peds; many ferruginous concretions 
6-20mm size; clear boundary. 
7 146-162 B2 Light grey (5Y 7/1 m, 5Y 7/2 d); medium distinct yellow (10YR 
7/8), mottling; clay; strong angular blocky structure 20-50mm; few 
ferruginous concretions. 
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Chemical analytical data (<2mm fraction)  
Layer Depth pH pH EC ECe Exch. Cations C.E.C. 
  H2O CaCl2   Na K Ca Mg  
 (cm)   MS/m mS/m m.e./100g m.e./100
g 
1 0-15 5.5 4.8    4 37 0.04 0.07 1.33 0.47      2.7 
2 15-35 5 4.4    3 23 0.03 0.03 0.44 0.23      1.3 
3 35-61 5.4 4.8    3 27 0.04 0.04 0.56 0.35      1.3 
4 61-91 6.1 5.4    3 23 0.06 0.05 0.57 0.66      1.8 
5 91-117 7.5     8 40 1.38 0.83 2.68 6.33    13 
6 117-146 7.2 6.2    1 47 2.15 0.47 3.03 5.93   13.1 
7 146-162 8.1 6.9  13 58 3.06 0.54 3.94 6.61   15.6 
Physical analytical data  
Layer Depth Particle Size Distribution % Bulk 
density 
 cm Coarse 
sand 
Fine 
sand 
Silt Clay g/cm3 
1 0-15 22.1 74.4 1.4 2.1 1.45 
2 15-35 19.3 77.4 1.2 2.1 1.6 
3 35-61 16.7 76.0 1.7 5.6  
4 61-91 14.2 80.6 1.1 4.1 1.9 
5 91-117      
6 117-146 12.5 27.8 12.8 46.9  
7 146-162 5.1 20.0 12.3 62.6  
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Table 3.2 Representative Profile Soil Type 1 (swamp)  
Soil series Fleming 2 series grey variant 
Australian Soil Classification 
Great Soil Group 
Northcote PPF 
Ferric, Mottled-Mesonatric, Grey, Sodosol 
Lateritic Podzolic 
Dy 5.42 
Location Mt Howick  National Windbreaks Project Site  
Landform Shallow depression within a very gently undulating 
plain.  
Parent Material  Tertiary marine sediments with additions of aeolian 
sand to the topsoil (gravels may be surface 
transported)  
Surface Condition  Loose and water repellent  
Morphological description  
Layer Depth 
(cm) 
Horizon Description 
1 0-15 Ap Dark grey (10YR 4/1 m) grey (10YR 6/1 d); fine sand; single grain 
structure; strongly water repellent, loose surface, abrupt boundary. 
2 15-40 A2e White (10YR 8/1 d 10YR 8/2 m); fine sand; single grain structure; 
very weak consistence; water repellent; abrupt boundary. 
3 40-50 A3c Pale brown (10YR 6/2 m) very pale brown (10YR 7/3 d); fine sand; 
single grain structure; very weal consistence; abundant ferruginous 
segregations 6-20 mm size; abrupt boundary. 
4 50-70 B21c Light grey (10YR 4/2 m,d) with common medium distinct 
brownish yellow mottling (10 YR 6/8), clay texture; strong angular 
block structure 5-10mm size. Abundant ferruginous segregations  
6-20mm size, clear smooth boundary. 
5 70-94 B22t Light grey (2.5Y 7/2 m,d) common medium distinct brownish 
yellow (10YR 6/8) mottling; firm consistence; abundant 
ferruginous concretions; 6-20mm size gradual boundary. 
6 94-130 B3 Light grey (5Y 7/2 m,d); (10YR 6/6) fine medium distinct brownish 
yellow mottling; strong angular blocky 6-20mm structure; 
dispersive; firm consistence; few carbonate segregations present in 
vein old root channels.  
 
THE PHYSICAL AND HYDROLOGICAL CHARACTERISTICS OF A SOUTH COAST SANDPLAIN SITE 
36 
Chemical analytical data (<2mm fraction) 
Layer Depth pH pH EC ECe Exch. Cations 
 
C.E.C. 
 Cm H2O CaCl2 mS/m mS/m Na K Ca Mg me/100g 
      m.e./100g  
1 0-15 5.3 4.8 8 86 0.03 0.04 1.28 0.40   2.6 
2 15-40 5.1 4.7 3 28 0.01 0.02 0.44 0.22   1.1 
3 40-50 6.0 5.5 4 31 0.01 0.04 0.65 0.35   1.4 
4 50-70 7.3  19 70 1.95 0.81 4.95 5.32 15.7 
5 70-94 7.8 6.7 17 58 2.91 0.9 4.68 4.85 15.6 
6 94-130 8.8 7.7 32 135 4.37 1.2 4.86 4.15 14.7 
Physical analytical data  
Layer Depth Particle Size Distribution % Bulk 
density 
 cm Coarse 
sand 
Fine 
sand 
Silt Clay g/cm3 
1 0-15 17.4 79.4 1.3 1.9 1.46 
2 15-40 16.0 80.9 1.2 1.9 1.65 
3 40-50 14.6 80.8 1.2 3.4 1.75 
4 50-70      
5 70-94 9.7 35.4 4.9 50.0  
6  94-130 6.1 23.2 10.7 60.0  
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Table 3.3 Representative Profile Soil Type 2 
Soil series Condingup series  
Australian Soil Classification  
Great Soil Group 
Dominant PPF 
Hypocalcic, Mesonatric, Yellow, Sodosol 
Solodinzed Solonetz  
Dy 5.43 
Location  Mt Howick National Windbreaks Project Site  
Landform 
 
Edge of very gently undulating sand sheet within a 
plain  
Parent Material  
 
Tertiary marine sediments with additions of aeolian 
sand to the topsoil  
Surface Condition  Loose and water repellent  
Morphological description  
Layer Depth 
(cm) 
Horizo
n 
Description 
1 0-15 Ap Dark greyish brown (2.5Y 4/2 m) light grey (10YR 7/1 d); fine 
sand; single grain structure; loose surface; strongly water repellent; 
abrupt smooth boundary. 
2  15-44 A12 Yellowish brown (10YR 5/4 m) light grey (10YR 7/1 d); fine sand, 
single grain structure; water repellent; very weak consistence; 
gradual boundary. 
3 44-73 A2e Yellow (2.5Y 7/6 m) (2.5Y 8/2 d) few medium distinct yellowish 
brown (10YR 5/6) mottles; fine sand; single grain structure; very 
weak consistence; abrupt boundary. 
4 73-78 B1t Light yellowish brown (10YR 6/4 m); with very pale brown (10YR 
8/4 d); fine sandy clay loam; strong columnar structure 200mm 
size; very strong consistence; clear boundary. 
5 78-93 B21t Light yellowish brown (10YR 6/6 d) common very coarse distinct 
reddish yellow (5YR 6/8) mottling; fine sand light clay; strong 
columnar structure 200mm size; very strong consistence; clear 
boundary. 
6 93-114 B22 Olive yellow (2.5Y 6/6 m,d); with common very coarse distinct red 
(2.5YR 5/8) mottling; fine sandy light medium clay; strong angular 
blocky structure 50-100mm size; strong consistence; clear 
boundary. 
7 114-143 B3k Light yellow brown, (2.5Y 6/4); with common very coarse 
prominent red (2.5YR 4/8) mottling; light clay; strong angular 
blocky structure 20-50mm size; very firm consistence; few medium 
carbonate segregations present as linings of relict root channels. 
Chemical analytical data (<2mm fraction)  
Layer Depth pH pH EC ECe Exch. Cations C.E.C. 
 Cm H2O CaCl2 mS/m mS/m Na K Ca Mg me/100g 
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      m.e./100g  
1 0-15 5.1 4.5 3 23 0.04 0.04 0.70 0.29 2.00 
2 15-44 4.8 4.4 4 28 0.04 0.03 0.34 0.34 1.5 
3 44-73 5.7 5.1 5 45 0.06 0.02 0.28 0.35 1.2 
4 73-78 6.5 5.6 25 206 1.82 0.30 1.51 2.90 7.9 
5 78-93 7.3 6.4 29 215 2.80 0.43 2.35 4.60 11.8 
6 93-114 8.1 7.1 31 225 3.30 0.44 2.53 5.60 12.8 
7 114-
143 
9 7.8 57 290 3.55 0.48 2.85 5.52 12.4 
Physical analytical data  
Layer Depth Particle Size Distribution % Bulk 
density 
 cm Coarse 
sand 
Fine 
sand 
Silt Clay g/cm3 
1 0-15 18.1 78.7 1.2   2.0 1.3492 
2 15-44 16.4 80.8 0.8   2.0 1.0445 
3 44-73 14.9 81.9 0.9   2.3  
4  73-78 13.8 61.7 1.6 22.9 1.895 
5 78-93 11.9 54.5 1.5 32.1 1.815 
6 93-114  9.6 53.5 2.4 34.5  
7 114-143 10.5 49.1 3.2 37.2  
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Table 3.4 Representative Profile Soil Type 3 
Soil series Corinup 2 series  
Australian Soil Classification  
Great Soil Group 
Northcote PPF  
Acidic, Arenic, Bleached-Orthic, Tenosol 
Siliceous Sand 
Uc 2.21 
Location  Mt Howick National Windbreaks Project Site  
Landform Edge of sand sheet within a plain slope <1% 
Parent Material Aeolian sand overlying Tertiary marine sediments   
Surface Condition  Loose and water repellent  
Morphological description  
Layer Depth 
(cm) 
Horizon Description 
1 0-20 Ap Greyish brown (10YR 5/2 m); fine sand; loose surface; single 
grain structure; strongly water repellent; abrupt boundary. 
2 20-47 A2e Very pale brown (10YR M7/3 m), white (10YR 8/1 d); single 
grain structure; very weak consistence; gradual boundary. 
3 47-80 B11 Light yellowish brown (10YR 6/4 m), very pale brown (10YR 
8/4 d); few medium faint, dark yellowish brown (10YR 4/6) 
mottling; clayey fine sand; single grain structure; very weak 
consistence; slightly cemented; very few ferruginous nodules 
<2mm size; gradual boundary. 
4 80-100 B21w Yellow (10YR 8/6 d/m); few medium dark yellowish brown 
mottles (10YR 4/6); clayey fine sand; single grain structure; 
very weak consistence; gradual boundary. 
5 100-130 B22 Yellow (2.5Y 7/6 m); very pale brown (10YR 8/4 d); clayey 
fine sand; single grain structure; very weak consistence. 
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Chemical analytical data (<2mm fraction)  
Layer Depth pH pH EC ECe Exch. Cations C.E.C. 
 Cm H2O CaCl2 mS/m mS/m Na K Ca Mg me/100g 
      m.e./100g  
1 0-20 5.3 4.6 3 18 0.04 0.02 1.02 0.28 2.2 
2 20-47 4.7 4.3 2 20 0.03 0.01 0.24 0.20 1.2 
3 47-80 4.5 4.3 3 25 0.05 0.01 0.24 0.21 1.2 
4 80-100 4.7 4.5 3 21 0.05 0.02 0.17 0.20 1.1 
5 100-130 5.3 4.9 2 14 0.05 0.01 0.15 0.17 0.9 
6 130-150 7.5 6.2 8 31 1.78 0.23 0.93 3.25 6.8 
Physical analytical data  
Layer Depth Particle Size Distribution % Bulk 
density 
 Cm Coarse 
sand 
Fine 
sand 
Silt Clay G/cm3 
1 0-20 19.5 77.9 1.1 1.5 1.47 
2 20-47 15.8 82.1 0.8 1.3 1.495 
3 47-80 14.6 82.7 0.7 2.0 1.56 
4 80-100 14.3 82.9 0.6 2.2  
5 100-130 14.5 83.8 0.6 1.1  
6 130-150 12.7 64.7 1.4 21.20  
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Table  3.5 Representative Profile Soil Type 4 
Soil series Unnamed minor soil affinities Condingup series  
Australian Classification 
Great Soil Group 
Northcote PPF 
Mesotrophic, Mesonatric, Yellow, Sodosol; 
Solonetz 
Dy 4.43. 
Location Mt Howick  National Windbreaks Project Site  
Landform Plain  
Parent Material  Tertiary marine sediments with additions of aeolian 
sand to the topsoil (gravels may be transported)  
Surface Condition  Loose and water repellent  
Morphological description  
Layer Depth 
(cm) 
Horizon Description 
1 0-40 A1 Light grey; (10YR 7/1 d)  fine sand; loose surface; strongly 
water repellent; loose consistence; pH 6.5; gradual boundary. 
2 40-65 A2e White (2.5Y 8/1 d) fine sand; single grain structure; loose 
consistence clear boundary.  
3 65-90 B21t Yellow (10YR 7/8 m); medium clay; structured; firm 
consistence; pH 8.0; gradual boundary.  
4 90-110 B22c Brownish yellow (10YR 6/8 m) light clay; structured; abundant 
ferruginous segregations 6-20mm size; weak consistence; pH 
9.5.  
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Table  3.6 Representative Profile Soil Type 5 
Soil series Affinities Condingup series 
Australian Classification 
Northcote PPF 
Great Soil Group  
Mesotrophic, Mottled-Mesonatric, Brown, Sodosol  
Dy5.73  
Affinities gleyed podzolic  
Location Mt Howick  National Windbreaks Project Site  
Landform Plain adjacent to sandsheet. 
Parent Material  Tertiary marine sediments with additions of aeolian 
sand to the topsoil 
Surface Condition  Loose and water repellent  
Morphological description  
Layer Depth 
(cm) 
Horizon Description 
1 0-15 Ap Very dark greyish brown (10YR 3/2 m) grey (10YR 6/2 d); 
fine sand; loose surface; strongly water repellent; single grain 
structure; many roots (crop); clear boundary. 
2 15-36 A2e Pale brown (10YR 6/3 m) light grey (10YR 7/2 d) bleaching 
(10YR 8/1 d) single grain structure; weak consistence; few 
roots; clear boundary.  
3 36-68 A3 Yellow (10YR 7/6 m) clayey fine sand; single grain structure; 
weak consistence; clear boundary. 
4 68-88+ B2g Strong brown (10YR 5/8 m) with many prominent coarse; 
(15-30mm) olive (5Y 4/2 m) mottling; fine sandy clay; 
anaerobic conditions; evidence of gleying; wet moisture 
status.  
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Soil Type 5 (Grey deep sandy duplex) 
A minor soil type similar to Soil Type 2. The soil has grey fine sandy water repellent topsoil 
overlying a bleached horizon with an abrupt change to a clayey subsoil. The subsoil is wet for 
most of the year with prominent gleyed mottling.  The water appears to come from the 
adjacent deep sands by lateral flow on the sand clay interface.  The topsoil is acidic becoming 
neutral at depth.  
Modelling depth of sand 
A contour map was developed modelling the depth of sand over clay (B horizon or substrate) 
across the site.  The topographical modelling package (Surfer™) used the grid coordinates and 
the depth of sand from soil profile description to construct the contour map.  The map (Figure 
3.2) clearly shows the deep sand on the southwestern end of the site and the general increase 
in the depth of sand from northeast to southwest.  
Further analysis of sand 
The survey of the windbreaks site is characterised by topsoil textures with large sand 
components.  To gain a better insight into the particle size distribution the sand fraction in soil 
Type 1 was fully fractionated.  The results are presented in Table 3.7.  It cannot be assumed 
that the other samples have a similar distribution.  The information in Table 3.7 shows the 
sand fraction of the topsoil (layers 1-4) is dominated by extremely fine sand which is just 
above the silt threshold.  This suggests an aeolian origin of the sand which demonstrates the 
risk of wind erosion at the site. 
Conclusions  
This survey provides primary information on the soils on the NWP Mt. Howick site.  
However the information gathered has a wider application than this project.  It provides a 
window on the characteristics and variability of soils on a paddock scale, in the Condingup 
east area, an area previously only mapped at a regional reconnaissance scale.  
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Table 3.7.  Particle size distribution fully fractionated for soil Type 1.  Showing the extremely fine sand that dominants the particle size 
distribution in the topsoil 
  Clay Silt Fine sand Fine sand  Fine sand  Med sand  Med sand  Coarse sand  Coarse sand  
Layer Depth <.002 mm 0.002-.02 mm .02-.150 mm .15-.212 mm .212-.3 mm .3-.425 mm .425-.6 mm .6-1.18 mm 1.18-2 mm 
 cm % % % % % % % % % 
1 0-15   2.0 1.3 45.1 29.5 14.9 4.9 1.4 0.9 0.0 
2 15-35   2.0   1.1 48.8 28.8 13.2 4.4 1.1 0.6 0.0 
3 35-61   5.5   1.6 50.7 25.5 10.6 3.0 0.8 0.7 1.6 
4 61-91   4.0   1.0 55.1 25.8 10.1 2.9 0.7 0.4 0.0 
5 91-117 No data  
6 117-
146 
46.6 13.0 19.3  8.4  3.7 1.7 1.0 2.9 3.4 
7 146-
162 
62.5 12.2 13.6  6.3  3.0 1.3 0.5 0.5 0.1 
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Figure 3.2  Contours of sand depth, NWP East Howick site. 
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Appendix 3.1 
 
Inputs into topographic model Grid coordinates, depth of sand and soil type 
Grid X Grid Y Depth 
of Sand  
Contour 
Height  
Soil 
Type  
Grid X Grid Y Depth of 
Sand  
Contour 
Height  
Soil 
Type   
0 50 97 120.89 2 300 500 82 118.96 2 
50 50 53 120.90 2 350 500 72 119.16 2 
100 50 65 120.96 2 400 500 75 119.34 2 
150 50 70 120.96 1 0 550 50 118.86 2  
200 50 60 121.04 1 50 550 53 118.47 1 
250 50 62 121.09 1 100 550 65 118.05 1 
300 50 60 121.16 1 150 550 55 117.97 1 
350 50 36 121.27 2 200 550 76 118.37 2 
400 50 85 121.32 1 250 550 80 118.59 2 
0 100 60 120.26 1  300 550 85 118.78 2 
50 100 46 120.07 1 350 550 70 118.87 2 
100 100 70 120.20 1 400 550 79 119.02 2 
150 100 55 120.40 1 0 600 70 118.54 2  
200 100 52 120.64 1 50 600 70 118.41 2  
250 100 60 120.81 1 100 600 65 118.31 2 
300 100 73 121.04 1 150 600 63 118.10 4 
350 100 96 121.19 2 200 600 70 118.23 2 
400 100 94 121.37 2 250 600 81 118.42 2 
0 150 55 119.42 1  300 600 70 118.43 2 
50 150 35 119.50 1 350 600 82 118.67 2 
100 150 40 119.55 1 400 600 89 118.83 2 
150 150 44 119.84 1 0 650 94 118.11 5 
200 150 67 120.16 1 50 650 90 118.44 2 
250 150 100 120.46 1 100 650 100 118.65 2 
300 150 75 120.71 1 150 650 80 118.47 2 
350 150 90 120.86 1 200 650 64 118.33 2 
400 150 85 120.98 2 250 650 65 118.14 2 
0 200 55 119.12 1 300 650 63 117.94 2 
50 200 94 119.16 1 350 650 88 118.25 5 
100 200 50 119.28 1  400 650 92 118.52 2 
150 200 52 119.36 1 0 700 98 118.14 5 
200 200 57 119.70 1 50 700 150 118.64 3 
THE PHYSICAL AND HYDROLOGICAL CHARACTERISTICS OF A SOUTH COAST SANDPLAIN SITE 
49 
Grid X Grid Y Depth 
of Sand  
Contour 
Height  
Soil 
Type  
Grid X Grid Y Depth of 
Sand  
Contour 
Height  
Soil 
Type   
250 200 73 120.17 1 100 700 95 118.63 2 
300 200 70 120.29 1 150 700 90 118.72 2 
350 200 67 120.40 1 200 700 100 118.59 2 
400 200 80 120.53 1 250 700 103 118.43 3 
0 250 55 119.07 1 300 700 80 118.08 3 
50 250 65 119.25 4 350 700 68 117.60 5 
100 250 90 119.37 1 400 700 92 118.21 2 
150 250 65 119.36 1 0 750 92 117.99 5 
200 250 51 119.49 1 50 750 135 118.48 3 
250 250 44 119.52 2 100 750 100 118.50 5 
300 250 39 119.67 1 150 750 84 118.48 2 
350 250 40 119.79 1 200 750 107 118.62 2 
400 250 80 119.49 2 250 750 97 118.58 3 
0 300 65 119.18 4 300 750 95 118.31 2 
50 300 68 119.17 1 350 750 82 118.13 2 
100 300 64 119.34 1 400 750 84 117.90 2 
150 300 65 119.36 2 0 800 72 117.42 5 
200 300 75 119.49 1 50 800 97 117.70 5 
250 300 75 119.33 2 100 800 96 117.96 5 
300 300 79 119.36 1 150 800 117 118.18 3 
350 300 66 119.36 2 200 800 98 118.39 3 
400 300 82 119.32 2 250 800 98 118.40 3 
0 350 70 119.15 2 300 800 75 118.16 2 
50 350 68 119.16 2 350 800 94 118.20 2 
100 350 70 119.07 2 400 800 120 118.19 2 
150 350 75 119.48 2 0 850 70 116.94 2 
200 350 36 119.37 1  50 850 70 117.18 2 
250 350 70 119.38 2 100 850 80 117.20 2 
300 350 70 119.23 2 150 850 130 117.59 3 
350 350 84 119.37 2 200 850 155 118.55 3 
400 350 82 119.28 2 250 850 92 118.13 3 
0 400 50 118.84 1 300 850 68 117.94 2 
50 400 60 118.93 1 350 850 75 118.05 2 
100 400 50 119.13 2 400 850 92 117.90 2 
150 400 65 119.26 2 0 900 73 116.38 2 
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Grid X Grid Y Depth 
of Sand  
Contour 
Height  
Soil 
Type  
Grid X Grid Y Depth of 
Sand  
Contour 
Height  
Soil 
Type   
200 400 60 119.31 2 50 900 69 116.67 5 
250 400 66 119.24 2 100 900 97 116.62 5 
300 400 80 119.33 2 150 900 174 117.08 5 
350 400 80 119.51 2 200 900 135 117.64 3 
400 400 83 119.57 2 250 900 145 118.46 3 
0 450 40 119.01 2 300 900 90 118.51 3 
50 450 70 118.72 4 350 900 70 118.31 3 
100 450 40 118.66 4 400 900 75 117.87 2 
150 450 70 118.88 2 0 950 70 115.54 5 
200 450 60 118.99 2 50 950 95 116.21 3 
250 450 67 119.13 2 100 950 175 116.71 3 
300 450 65 119.12 2 150 950 200 117.29 3 
350 450 75 119.44 2 200 950 140 117.08 3 
400 450 75 119.61 2 250 950 116 117.48 3 
0 500 55 119.12 2  300 950 90 118.05 3 
50 500 54 118.83 2 350 950 68 118.52 3 
100 500 75 118.39 5 400 950 120 118.19 3 
150 500 70 118.40 2 50 1000 83   
200 500 79 118.62 2 100 1000 178 116.54 2 
250 500 94 118.95 2      
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APPENDIX 3.2 
  
Abbreviations and units  
Analysis done by the Chemistry Centre Western Australia. 
(For a description of the analytical methods see Overheu et al. 1993, page 93) 
 
EC (1:5) Electrical conductivity (1:5) at 25 deg C 
EC (e) Electrical Conductivity saturation extract 
pH (H2O) pH (1:5) in water 
pH (CaCl2) pH (1:5) in 0.01M CaCl2 
OrgC (W/B) Organic Carbon C, Walkley and Black method 
K (HCO3) Potassium K, extracted in 0.5M NaHCO3 (1:100) 
CEC (NH4Cl) Cation Exchange Capacity, 1M NH4C1 
Ca (exch) Calcium Ca, exchangeable 
Mg (exch) Magnesium Mg, exchangeable 
K (exch) Potassium K, exchangeable 
Na (exch) Sodium Na, exchangeable 
 a neutral soils pH(H2O) 6.5 -8 extracted in lM NH4Cl pH 7.0 
 b acid soils pH(H2O) <6.5 extracted in 0.1M BaCl2 
 c alkaline soils pH(H2O) >8 extracted in lM NH4Cl pH 8.5 
% per cent 
ppm parts per million 
mS/m milliSiemens per metre (100 mS/m = 1 dS/m 
me% milliequivalents per 100g of soil 
 
Note: In particle size analysis Organic carbon and CaCO3 are not removed by pretreatments. 
4.  Soil Physical and Hydraulic Properties, National Windbreaks 
Program, East Howick site 
David J.M. Hall4 and Craig K. McLernon2 
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The sandplain soils of the Esperance region are prone to waterlogging and wind erosion and, 
in the longer term, secondary salinity. More than two thirds of the sandplain experiences 
some degree of waterlogging in eight out of ten years (D. McFarlane pers. com). Inundation 
during these periods is thought to contribute significantly to the rates of groundwater 
recharge.  Trees distributed across the landscape, such as a network of windbreaks, may 
provide part of the solution to these problems. As such there is a need to quantify the effects 
of windbreaks on  plant, soil and water relations at the Howick site. Characterisation of key 
soil physical and hydraulic properties is an integral part of this process. 
Soil survey data  indicate that there are five principle soil types (Nicholas; Section 3).  The 
main distinction between these soil types is the depth to clay and the presence of  ferruginous 
gravel in the lower A and/or upper B horizons.  The structure, texture and chemistry of the A 
and B horizon soils in the absence of gravel are similar across the soil types.  
The hydraulic properties of  soil Types 1, 2 and 3 and one variation on Type 1 (Type 1 
(swamp)) were investigated. The Type 1(swamp) soil was located in a bare depression subject 
to water ponding. The Type 2 soil was found across the transect associated with the 
Windbreaks project.  These profiles were considered the most representative of the soils 
found at the site. 
The aims of this investigation were to : 
• Determine and compare hydraulic conductivity and sorptivity values for each soil type 
and relate to soil chemistry and texture. 
• Determine the water retention curve for the Type 2 soil. 
• Develop preliminary unsaturated hydraulic conductivity functions for the Type 2 soil.  
• Develop preliminary neutron moisture meter calibrations for the Type 2 soil. 
• Monitor water movement through the Type 2 soil profile using a dye tracer. 
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Methods 
Soil hydraulic conductivity (K) and sorptivity (S) were determined using disc permeameters 
(White and Perroux 1987) set at a tension of 15 mm. The permeameters were placed on a thin 
layer of river sand which had been levelled and surrounded by a metal retaining ring to encourage 
vertical flow. Benches were cut into backhoe pits to enable permeameter measurements at depth. 
At each depth four replicated measurements were made over 40 - 60 minutes. Volumetric soil 
water content was determined prior to and immediately after the water infiltration measurements.  
Water retention curves were determined using the 'filter paper' technique of Graecen et al. 
(1989). Loose soil samples were collected from the field, oven dried then wet up to known 
water contents. Whatman 42 filter paper was sandwiched between layers of moist soil, sealed 
in air tight tins and allowed to equilibrate for 3 - 4 days. Volumetric soil water content and 
filter paper water contents were measured following equilibrium. Water retention curves for 
each horizon were calculated using the Graecen et al. (1989) calibration equation relating 
filter paper water content to soil matric potential (ln Suction kPa ). 
Unsaturated hydraulic conductivity functions were derived using the Campbell (1973) 
equation: K= Ks (θ/θs) 2b+3.  Here K is the hydraulic conductivity, -b is the slope of the water 
retention curve  plotted on a log-log scale, and θ is the volumetric water content.  To scale the 
equation K and θ need to be known at one point along  the curve. This point is often taken at 
saturation (denoted by the s subscript) but values lower than saturation are also acceptable. 
For this exercise the Ks and corresponding θs  values were taken from Table 4.1.  
The neutron moisture meter was calibrated against soils whose water content had been 
determined by time domain reflectrometry (TDR). TDR probes were inserted horizontally 
into the soil profile at 10, 30 and 50 cm near field installed PVC neutron probe access tubes. 
The PVC (50 mm OD)  tubes were placed in over sized holes (60 mm OD) and a 
cement/kaolin slurry poured around the tube and allowed to equilibrate/dry (D. Tennant pers. 
com.). Soil water was measured by TDR  at two sites (1) near a tree windbreak bordering the 
paddock which represented the dry end of the calibration, and (2) 120 m away from the 
windbreak. Measurements were made throughout the winter of 1995. 
Water movement within the Type 2  profile was traced using dye as part of an undergraduate 
project (see  McClernon 1996). A site was pre-wetted  with 400L of rainwater/week for 2 
weeks (total 800L). The amount of water added was equivalent to 250 mm of rainfall.  This 
improved the ease with which soil layers were subsequently removed. 200 l of  0.1 %  
Rhodamine WT dye solution was added to a 3m x 1m dam and allowed to percolate into the 
profile then covered with silo plastic to minimise evaporation. The solution was allowed to 
equilibrate for at least 2 days. After this period, a 2m deep soil pit was dug alongside the 
stained area in order to access the profile. The stained soil was then removed in vertical and 
horizontal layers. Each layer was photographed and described. The first half of the stained 
area (i.e. 1m x 0.5m), was removed vertically in 10cm sections to a minimum depth of 1m. 
The second half of the stained area was removed in horizontal layers. The thickness of these 
layers varied at each site depending on the depth of each horizon.  
Hydraulic Conductivity and Sorptivity 
With the exception of the Type 1(swamp) soil,  K  for the Ap horizon ranged from 14 - 20 mm 
hr-1 (Table 4.1).  Within the A12 and A2e horizons  K  ranged from 30 to 40  mm hr-1 where 
gravel was not present. The higher K in the subsurface layers of the A horizons reflects a lesser 
degree of non wetting.  The degree of non wetting of the Ap horizon, as measured by the 
molarity ethanol dilution (MED) test, was between  2 and 3 (Figure 4.1) which corresponds to 
moderate to severe non wetting (King 1981).  
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The presence of gravel increased hydraulic conductivity 2 to 5 fold. This was particularly 
evident for the Type 1(swamp) soil which had  gravel throughout the A horizon. Given the 
position in the landscape and the absence of non wetting it is likely that the surface soil of the 
Type 1(swamp) had been removed by wind erosion.  
Sorptivity contributed significantly to water infiltration during the early stages with values 
ranging from 6 - 11 mm hr-1/2 in the Ap horizon to approximately 20 mm hr-1/2 in the A12 and 
A2e horizons. These values reflect the dry nature of the soils at the commencement of the 
infiltration measurements. The relatively high bulk density of the soils (>1.5 Mg m-3) and the 
absence of soil structural units and macropores would have aided water sorption.  
Table 4.1.   Hydraulic conductivity (K mm hr-1)  and Sorptivity (S mm hr-1/2) measured 
at a tension of 15 mm. Values in brackets represent one standard deviation. 
Horizon Type 1 Type 1 
(swamp) 
Type 2# Type 3 
  K          Ap   13.9      (3.0) 111.4    (30.9)* 19.5        (2.0) 19.9       (12.9) 
               A12   42.6    (25.7) 118.9    (23.4)*  39.6       (12.5) 
               A2e   93.3      (4.5)*  30.9       (15.8)  27.6       (10.0) 
               B1     4.3      (4.1)     2.4       (1.4)   9.4        (4.4)  
               B2     0.6  
 S            Ap     6.3      (4.5)   30.9      (4.9)*   8.6        (3.6) 11.1        (3.4) 
               A12   19.7      (8.5)     0          (0)*  15.7        (4.1) 
               A2e     0         (0)*  18.6        (2.1)   21.0        (3.6) 
               B1     8.0      (2.9)   20.2       (3.1) 18.7      (10.5)  
               B2     0.4  
#  Soil type of the 'Windbreak' Transect.  *  Gravel present 
K values for the B horizons ranged from 0.6 to 9 mm hr-1 (Table 4.1). The B horizon soils 
dispersed completely when immersed in rain water having  a Dispersion Index rating of 8 
(Loveday and Pyle 1973).  The exchangeable sodium percentage (ESP) and calcium : 
magnesium ratio were greater than 20 and less  than 0.6 respectively within the B horizon. 
The chemical instability of the clays and high bulk density of the B horizon (> 1.8 Mg m-3) 
are responsible for the low permeability of these soils. In this instance sorptivity in the B 
horizon was an important factor affecting water infiltration. The water content of the B 
horizon soils at the time of sampling was near wilting point. The marginally higher K for the 
Type 2 soil may be due to the lower clay content of this soil (33 % clay ) compared with (50 
% clay) for the Type 1 and 1(swamp).  
The presence of gravel substantially increased K to 93 - 118 mm hr-1
 
(Table 4.1) irrespective 
of depth or soil Type.  For the Type 1 soil gravel accounted for 75 % of the soil by weight in 
the A2e horizon and was loosely packed with sand. The porous nature of the gravel resulted 
in most of the water infiltrating under gravitational forces. Consequently sorption was 
negligible during the early phase of water infiltration.  
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Figure 4.1. Molarity ethanol dilution (MED) test for water repellency of sands taken across 
the ‘Windbreaks' transect (Soil Type 2).  Score 2 is moderately repellent while 
scores 3 and above represent severely water repellent soils (King 1981).  
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Figure 4.2.   Soil particle size(µm) distribution for the A and B horizons 
 
In terms of 'throttles' to water movement, the dispersive nature of the B horizon and non 
wetting in the A horizon are evident. However, a feature of the soils is the range of  particle 
sizes of the A and B horizons (Figure 4.2). It is conceivable that the high bulk densities of 
both the A and B horizons are a function of the tight packing produced by natural sorting of 
finer particles into a coarser sand matrix. Compaction by machinery has also been noted in 
these soils. The effect of this would be to limit water movement. 
Water Retention  
The water retention curves for the Ap and A3 horizons are typical of sands and show an 
exponential increase in matric potential over a very narrow range of water contents at the dry 
end (Figure 4.3). While the curves for the A horizon soils were similar, the Ap horizon tended 
to retain marginally  more water at higher suctions than the A3 horizon. As soil textural 
differences between the two horizons are minimal we presume that this difference in water 
retention is due to the higher organic matter levels of the Ap horizon. Water contents 
corresponding to wilting point and field capacity are given in Table 4.2.  
Some caution must be attached to the B horizon data since the samples were disturbed and 
tended to have a lower bulk density than that encountered in situ. Consequently the field 
capacity values measured on the disturbed samples are higher than the total porosity of the 
field soil (0.32 cm3 cm-3) which is theoretically impossible. Further work needs to be done to 
correct the water retention curve for the B horizon. The nature of the relationships and 
techniques also shows that 0 potential (ie saturation) is approached but not attained. 
Consequently the wetter end of the water retention curve tends to be the least reliable.  
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Figure 4.3   Soil (Type 2) water retention curve 
The B horizon water retention curve shows a more linear trend between ln Suction and soil 
water content which is consistent with the higher clay content (33 % clay) of this horizon.  
The water contents corresponding to wilting point and field capacity are given in Table 4.2. 
For the A horizon soils the values are consistent with the wilting point (0.02 cm3 cm-3) and 
field capacity (0.07 cm3 cm-3) data for the Swan coastal sand plain (Carbon et al., 1982).  
Table 4.2 Wilting point and field capacity water contents (cm3 cm-3) for the 
Condingup Type 2 soil.  
 Horizon 
ln Suction (kPa) Ap A3 B 
7.3  (Wilting point) 0.027 0.005 0.155 
2.3  (Field Capacity) 0.073 0.053 0.378# 
# Value is too high given a Total Porosity of 0.32.  
The difference between wilting point and field capacity is referred to as the plant available 
water content (PAWC). For the A horizon soils the PAWC was only 0.05 cm3 cm-3 which 
equates to 50 mm per vertical meter of soil. The corresponding value for the B horizon is 220 
mm. For an actively growing plant on a deep sand with a water requirement of 3 mm day-1 
there would be little water left in the profile after 15 days assuming that the profile was at or 
near field capacity at the beginning of the cycle.  
Unsaturated Hydraulic Conductivity Functions (Preliminary). 
The unsaturated hydraulic conductivity functions for the Type 2 soil horizons are given in 
Figure 4.4. For a given water content the K values of the A horizon were one to two orders of 
magnitude higher than for the B horizon. The Ap horizon generally had a lower K than the 
A2e horizon at the same water content which again reflects the non-wetting behaviour of the 
Ap soil. The soil water contents at which appreciable water flow occurred were considerably 
higher than field capacity for the A horizon soils.  
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Given the limitations of the B horizon water retention curve particularly at high θv (see 
previous section) the above data and relationships must be used with caution. 
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Figure 4.4  Hydraulic conductivity (K) as a function of volumetric water content (θv) for the 
Type VI soil horizons. The b coefficients were 2.58, 1.39 and 5.43 for the Ap, A2e 
and B horizons respectively. 
 
Neutron Probe Calibration  
Calibration data and equations which relate the count ratio from a water drum (CR) to 
volumetric water content (θv) for the A and B horizon soils are given below. Data for the 30 
and 50 cm depths which correspond to the A12 and A2e horizons were similar in their slope 
and intercept and consequently have been grouped together (Figure 4.5). Two equations for 
this layer are given below. The best fit is a log function which accounts for curvature of the 
CR-θv relationship at lower θv.  Limited data for the clay B horizon have been obtained and 
as such the calibration equation is preliminary.  
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Horizon Calibration Equation 
Ap  CR10 cm      =  2.603θv + 0.059   r2 = 0.95 
A2e  CR(30 - 50cm)  =  3.0θv + 0.15   r2 = 0.87 
  CR(70+)   =  0.1782lnθv + 0.92025   r2 = 0.94 
B2   or CRclay       =  1.5θv + 0.35 
Figure 4.5 
 
The differences in slope and intercept between the Ap horizon and deeper layers in the A 
horizon  are attributed to : 
• neutron scatter occurring above the soil surface. The neutron moisture meter emits a 
sphere of neutrons in a radius of 20 cm. Some scattering above the soil surface would 
occur at a depth of 10 cm.  
• a  PVC joiner is located 10 cm below the surface. PVC contains chloride which absorbs 
neutrons. A thickening of the PVC wall associated with the presence of the joiner would 
affect the slope and intercept of the calibration equation.  
• The cement/kaolin slurry is not present in the 0-10 cm layer. 
A final calibration equation for the B horizon has yet to be determined.  
Water Movement  
Vertical  soil peels showed that the dye had infiltrated unevenly leaving an inverted cone or 
‘fingering’ pattern within the A horizon. This pattern of water movement into the profile is 
commonly found in non wetting soils . Throughout the A horizons both fine and coarse roots 
and root channels were noticeably stained. The roots were concentrated in the Ap and A12 
horizons.  The dye tracer barely penetrated into the A2e horizon. Horizontal peels in the Ap 
horizon showed variable staining which was believed to be related  to  non wetting . 
The lack of staining along the A-B horizon interface may be due to insufficient tracer solution 
being used.  Only in one very limited area was dye staining noted along the exposed length of 
the A-B interface. The B horizon contained polyhedral domes (six sided on average). On the 
sides of the domes, fine roots had penetrated the subsoil by following the gaps between the 
cleavage planes to a maximum observed depth of 110cm, however these roots did not appear 
to be stained. 
Much of the staining was confined to  (i) old root channels associated with recent and relic 
root systems some of which had been infilled with sand and (ii) sand lenses which were not 
obviously associated with old root systems. No staining was observed below the root zone at 
the site (i.e. > 70 cm). To some extent the methodology used in this project may have limited 
dye movement. Firstly, it is feasible that the quantity of dye applied to each site was 
insufficient to allow deeper infiltration into the soil profile. Applying the dye then allowing 
annual rainfall to distribute the dye may improve the method. Secondly, dye entering the soil 
matrix displaced existing soil water via piston flow which is a slow process. 
Soil physical and chemical measurements indicate that the Condingup soils impede water 
flow at the interface between the A and B horizons. High bulk densities and clay dispersion 
indices and low hydraulic conductivity were found at these sites. The intractable nature of the 
Condingup B horizon and observed water perching also suggests limited water movement 
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through the soil matrix. The relic roots found along the cleavage planes of the polyhedral 
domes at the Condingup site may provide limited avenues for recharge. 
Observations and Conclusions 
• Rate of water movement through the A horizon was affected by the degree of non - 
wetting of the sand and the presence of gravel. The reduction in hydraulic conductivity 
associated with non wetting is believed to be proportional to the area of soil wetted during 
infiltration. Gravel led to a 3 - 4 fold increase in K. Water redistribution  (subsurface 
runoff) through gravel layers is potentially high in this land system. 
• Water movement in the B horizon is limited to cleavage planes between the clay 
polyhedrons. High bulk density and excessive dispersion of the clay limits water flow 
through the soil matrix to less than 0.5 mm hr-1. The unsaturated hydraulic conductivity 
function shows minimal water movement at soil water contents less than field capacity. 
Hence, water movement through the B horizon it is almost certainly via preferential 
pathways. However, due to the depth of the water table (15 m) at the site, high bulk densities 
and the relatively high salinity of this water (30 mS/cm) it is unlikely that root systems from 
native vegetation would have penetrated to the depth of the aquifer. Consequently there is 
little evidence of connection between the surface to the aquifer. It is likely that recharge 
associated with rising water in the regional aquifer is occurring elsewhere in the land system 
(ie. near bedrock outcrops as discussed by Short and Skinner in Section 1).  
• Ponding at the A/B horizon interface will occur regularly. This is due to the relatively 
high infiltration rates of the A horizon and low water holding capacity compared with the 
B horizon. In a normal season water logging will occur particularly in the shallower Type 
1 and 1(swamp) soils.  
• Plant available water in the A horizon was 50 mm m-1 . However, it is likely that water 
storage in the A horizon is greater than this due to perching of water above of the B 
horizon.  If aeration for crops becomes limited at an air filled porosity below 0.1 cm3 cm-3 
then soil water can be as high as 0.3 cm3 cm-3 before plant growth is limited by 
insufficient oxygen. This assumes a bulk density of 1.5 g cm-3. Given that the A horizon is 
70 cm deep a perched water table 20 cm above the B horizon would  increase the plant 
available water by 60 mm.  
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Appendix 1   Soil Physical and Chemical properties. Soil type 2 
(McClernon 1996) 
 
Soil chemical properties 
Horizon Depth Texture pH 1:5 EC 1:5 ECe 
   in CaCl2 mS/cm  
Ap surface fine sand 4.86 0.04 1.10 
A surface fine sand 6.01 0.10 2.52 
A 30cm fine sand 6.50 0.05 0.45 
A-B 70cm sandy light clay 7.30 0.25 2.06 
B 90cm sandy light clay 7.48 0.26 2.57 
 
Soil physical properties 
Horizon Depth Texture MED Dispersion Dispersion BD 
    2 hour 20 hour  
A surface fine sand 2 - - 1.44 
A 30cm fine sand  - - 1.46 
A-B 70cm sandy light clay  4 4 1.81 
B 90cm sandy light clay - 4 4 1.74 
 
Soil hydraulic properties 
Horizon Depth Texture K std S std 
   Mm/hr dev mm/ hr dev 
A 30cm fine sand 14.81 6.78 9.65 8.41 
A-B 70cm sandy light clay 8.30 - 6.71 - 
B 90cm sandy light clay 0.6 - 0.42 - 
Multiplication factor for ECe values from Abbot (1985). 
pH 1:5 soil solution in 0.01M Ca Cl2 from Rayment and Higginson (1992) 
5.  Topographic Survey 
Martyn Keen5 
 
Introduction 
Locating cadastral and topographical positions of the East Howick Site so that details of 
position and elevation could be quoted with accuracy was an early consideration of the 
National Windbreaks Program (NWP). 
Locating the site accurately for position and elevation allowed the physical details of the site 
to be entered into a Geographic Information System (GIS), thereby all measurements from 
                                                 
5Agriculture Western Australia, Geraldton D.O. 
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plans provided from GIS would be true measurements.  Reference points left permanently on 
site allow further measurements to be entered on GIS. 
Methodology 
Topographic and cadastral maps available of the NWP site are at a scale of 1:50 000 and 
1:100 000 respectively.  Contour intervals on the topographical maps are at 10 metres while 
cadastral boundaries are ±  10 m because of the scale of capture. 
The scale of capture of the cadastral maps on GIS basically ruled out positioning the NWP 
site using boundary corners.  The vertical position of the site could have been fixed accurately 
by level traverse from a standard survey mark (SSM) on Muntz Road.  This survey could 
have been used to produce GIS entry data accurate for elevation but not for cadastral position. 
An alternative method for positioning of the site was to use the Global Positioning System.  
However, without sophisticated equipment this may not have been any more accurate than 
measuring from boundaries.  A simple hand held GPS unit may only be accurate to within 
±15 m horizontally and perhaps 5 m vertically.  As there was expected to be less than 10 m 
fall across the site vertical accuracy would have to be established by traverse from the SSM 
on Muntz Road.   
A Total Station Surveying instrument was used to fix the site's position by traversing from the 
SSM on Muntz Road to the NWP site.  Total Stations measure horizontal and vertical angles 
as well as distances which are recorded on a card within the instrument.  The card can then be 
downloaded directly into a computer so the stored measurements can be reduced into 
horizontal angles and slope distances.  These reduced angles and distances can then be used to 
calculate differences in easting and northing which can be applied throughout any traverse. 
Survey 
 By setting the total station up on SSM Esp 3 on Muntz Road and sighting to SSM Esp 4 on 
Mt. Howick 17.8 kilometres distant it was possible to set out a traverse to the NWP site via 
Bebenorin Road (see Figure 5.1).  As the Easting, Northing and Elevation for Esp 3 were 
known in metres related to the Australia Map Grid Reference, the reduced traverse gave the 
Easting, Northing and Elevation  for the site.  Permanent marks were set in concrete at the 
site. 
This survey was completed during December 1993 along with a topographic survey of the site 
on a 50 m by 50 m grid.  The spot heights from the grid were integrated to create a surface 
contour map at 0.5 m intervals.  Temporary marks left on the site as part of the grid survey 
were also used as positions to establish the depth to 'B' horizon of the soil.  By using the spot 
heights from the grid survey it was possible to produce a contour map of the surface of the 'B' 
horizon.  
Conclusion 
The position of the East Howick Site is now known with accuracy (AMG 488900,  6277500).  
A topographic map was produced and is shown in Figure 5.2.  All this data is entered on GIS.  
Since this survey the numerous piezometers around the site have also been positioned by 
surveying from the permanent markers left at the site using a total station to achieve accuracy. 
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Figure 5.1  Cadastral map showing the location of the National Windbreaks Program trial site in relation to the surrounding roads and 
standard survey mark ESP 3 
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Figure 5.2.  Topographic map of the National Windbreaks Site showing 5 m contours and spot heights.  
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6.  Maritime Pine (Pinus pinaster) Windbreaks:-  Root Systems 
and Timber Volumes 
Phil Scott6 and Robert Sudmeyer7 
 
Introduction 
Pinus pinaster (maritime pine) windbreaks have been widely planted across the Esperance 
sandplain to reduce soil erosion and more recently as a timber resource.  To date little has 
been published about their influence on crop yields, and groundwater recharge.  The National 
Windbreaks Program is currently investigating this as part of a broader study of windbreaks 
and crops. 
The rooting patterns of windbreak trees will largely determine the extent of their competition 
with crops, and to a lesser extent their water use and growth.  The aim of this study was to 
map the distribution of roots from a P. pinaster windbreak trees in an adjacent cropping 
paddock and determine the timber value of the trees. 
Methodology 
 Site description 
The site was located on ‘Belalie Farm East’ 110 km east of the town of Esperance in the 
locality of Howick. (AMG 488900,  6277500) (see Fig. 2.1, Section 2). 
The windbreaks surrounding the NWP site are composed of P. pinaster trees planted along 
the paddock boundaries (see Figure 3.1, Section 3). The windbreak on the north-western 
boundary was planted in 1980 and is 7 rows wide;  2.5m between rows and 2.8m between 
trees, giving a planting density of 1440 stems per hectare. The south-eastern windbreak was 
planted in 1981 and is 4 rows wide; 3m between rows and 2.3m between trees, giving a 
planting density of 1467 stems per hectare.  The trees were planted into newly cleared land.  
93% of the trees in the north-western windbreak and 81% in the south-eastern windbreak 
have survived giving final densities of 1350 and 1197 stems/ha respectively.  In 1994 the 
trees in the north-western windbreak were 9.5 m tall and 8.5 m tall in the south-eastern 
windbreak.  The trees were growing in a duplex soil with 50 - 70 cm of sand overlying clay 
(Soil Type 2 - see Section 2 for a full description). 
Root mapping 
The size and spread of tree roots from the south-eastern side of the north-western windbreak 
into the adjacent cropping paddock was mapped in February 1994.  Backhoe pits were 
excavated along two transects running at right angles to the windbreak; one transect was 
positioned immediately in front of a tree stem, the other between two stems. 
Pits were dug to about 2m depth 1, 5, 10, 20, 25, and 30 metres from the tree line. In each pit 
the face parallel to the tree line was smoothed to provide a surface upon which to work.  Soil 
was then gently removed from the face using a brush or water spray to reveal the roots. About 
1 cm of soil was removed from the A horizons and 0.5 cm from the B horizons. 
A clear plastic sheet, on which a 10x10 cm grid was drawn, was then fixed over a 50 cm 
wide section of the pit face running from the soil surface to the bottom of the.  All of the 
root and soil features showing in the 50 x 200 cm face were traced onto the plastic. The 
first 10 cm of the profile was not mapped as it was very difficult to differentiate between 
crop and tree roots.  The number of root intercepts for each grid cell were later counted and 
divided into root size classes.  
                                                 
6Rehabilitation Studies Coordinator, Worsley Alumina, PO Box 48 Boddington WA .  (Formerly Research Officer, 
Agriculture WA) 
7Research Officer, Agriculture WA, Esperance Agricultural Centre, Esperance Western Australia 
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Soil strength 
Cone Index was measured using a Bush Recording Penetrometer fitted with a 30o cone 
with a base diameter of 12.5 mm.  Cone index was measured under the trees and 1, 5, 10 , 
20 and 30 m from the trees at 3.5 cm intervals down the profile to 50 and 90 cm.  20 
replicate insertions were made at each distance from the trees.  Measurements were made 
in November 1997.  The soil profile was moist below the top 5 cm, though it became 
progressively drier closer to the trees. 
Timber volumes 
Tree height and Diameter at Breast Height (DBH) were measured in April 1994 and April 
1996.  Every third tree along the south-eastern most four rows of a 300m section of the north-
western windbreak was measured, and every third tree along the north-western most 2 rows of 
a 100 m section of the southern windbreak. Height and DBH were used to calculate timber 
volumes in 1994 (Wayne Burton pers. com.). 
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Results and Discussion 
Tree Roots 
Tree roots extended at least 20 m from the windbreak, the backhoe pits at 25m showed no 
roots.  In 1994 20 m equated to 2.4 times the height of the trees (H).  Roots appeared to 
spread laterally through the sand before descending into the top of the clay. There was little 
evidence of horizontal root extension through the clay and vertical  extension of the roots in 
the clay was confined to the fine cracks between the peds and was most concentrated between 
the ped faces of the large polyhedral peds.  Figure 6.1 shows root diameter fell rapidly with 
distance from the trees so 10 m away roots were < 10 mm in diameter. 
As Figures 6.2 and 6.3 show, root distribution in front of and between trees was similar the 
principle difference being higher root numbers 1 and  20 m immediately in front of to the tree.  
The vertical distribution of roots appeared to be heavily influenced by the sharp texture 
change from sandy A horizons to clay B horizons at around 70 cm depth (see Section 3).  
Figures 6.2 and 6.3 show, tree roots 1, 5 and 10 m from the windbreak are concentrated at 10-
30 cm; just below the depth of cultivation with access to applied fertilizer and at 50-80 cm 
(just above the clay).  The 10-15 cm thick soil layer above the clay has also been observed to 
have higher moisture contents over the summer month than soil higher in the profile.  20 m 
from the windbreak tree roots were only found in the A horizons, with maximum densities 60-
70 cm deep. 
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Figure 6.1.  Size distribution of roots (> 2 mm in diameter) at 4 distances from the 
windbreak.  Average number of roots in a 10 cm wide by 180 cm deep profile 
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Figure 6.2. The number of P. pinaster  root intercepts at 4 distances from the north western 
windbreak starting between trees; 10 cm depth increments. The number of root 
intercepts is the average number of roots found in 5  x 100 cm2 grids 
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Figure 6.3. The number of P. pinaster  root intercepts at 4 distances from the north western 
windbreak starting in front of a tree; 10 cm depth increments. The number of root 
intercepts is the average number of roots found in 5  x 100 cm2 grids 
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Figure 6.4a shows Cone Indexes down to 90 cm 30 m from the trees where there were no 
tree roots and the soil was moist below 5 cm.  Lower root densities between 15 and 50 cm 
deep (Figure 6.4c) were reflected in higher Cone Indexes in that part of the soil profile.  It 
should be noted that there was considerable variation in Cone Index values between 
insertions and the measurement limit of the penetrometer (3.8 MPa) was exceeded at 45.5 
cm depth in 20% of the insertions.  The depth at which 20% or more of the insertions 
exceeded the Cone Index of 3.8 MPa was 38.5 cm  at 25 m, 31.5 cm at 1, 10 and 20 m and 
21 cm at 5 m.  The average Cone Indexes 1, 5, 20, and 30 m from the trees and for an area 
that had been deep ripped are shown in Figure 6.4b.   High Cone Indexes at 5 and 10 m may 
indicate the presence of a traffic pan alongside the windbreak but some caution is necessary 
in interpreting the results as there were numerous tree roots in the profile and the soil was 
generally drier nearer the trees.  Cone Index values were high enough in nearly all of the 
insertions to impede cereal root growth at least and may have been high enough to impede 
tree root growth. 
Lupin roots at the site have been observed to penetrate to 90 cm (Scott, 1994 unpublished) so 
the tree roots in this zone directly compete for moisture and nutrients with crops.  More than 
2.4 H from the windbreak there would be little root competition between the trees and crop.  
One method of reducing competition is to "prune" the roots by ripping alongside the 
windbreak. This would best be done about 5 m from the trees to allow vehicle access and the 
trees to continue exploiting the soil volume under the vehicle access.  Figure 6.1 shows that 
such an operation would involve cutting roots of  10-20 mm in diameter. 
Ripping would have to be carried out to the top of the clay layer to ensure all of the main 
laterals are severed. The risk associated with this is damage or death of the trees along the 
edge of the windbreak as they could lose as much as 65% of the roots on that side.  While 
some roots spread back into the windbreak there may be less root development there because 
of competition with other trees.  If carried out during dry conditions ripping could cause 
significant water stress to the trees.  Root pruning 1m from the trees would remove around 
80% of the trees’ root material and is likely to result in death of the outer tree row.  This was 
demonstrated by the death of the tree which had a backhoe pit excavated 1 m from the trunk.  
Root pruning trials are currently being conducted to determine the effect on crop and tree 
growth. 
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Figure 6.4. Cone index values (MPa) down the soil profile 30 m from windbreak showing 
variability between replicate insertions (a) and at 1 m, 5 m, 20 m, 30 m  and 5 m  
(deep ripped) from the windbreak (b) and the number of tree root intercepts 5 m 
and 20 m from the windbreak (c). 
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Timber volumes 
Table 6.1 shows the mean values of tree height, diameter at breast height and timber volume 
for the outer to centre tree rows.  The trees on the edge of the windbreak are generally taller 
and have greater DBH and consequently timber volume than the inside rows. This reflects the 
greater soil volume available for root exploration, and reduced competition from adjacent 
trees.  In 1994 there was 75 cubic metres of timber per kilometer in the north-western 
windbreak and 48 in the south-eastern.  The difference in growth between the trees in the two 
windbreaks is greater than expected, given there is only one year separating them in age, and 
may be a reflection of the depth of  the A horizons under the two windbreaks (see Section 3, 
Figure 3.2).  The north-western windbreak is growing in about 80 cm of sand over clay while 
the south-eastern windbreak is in about 50 cm.  Given that the majority of the tree roots are in 
the A horizon, the deeper soil provides greater reserves of soil moisture and may be less 
susceptible to waterlogging than the shallower soil. 
 
Table 6.1.  Mean tree height, diameter at breast height and timber volume for sample 
rows of the windbreaks (1994) 
Windbreak Row 1 
(outside row) 
Row 2 Row 3 Row 4 
 Ht 
m 
DBH
cm 
Vol 
 m3 
Ht 
m 
DBH
cm 
Vol
m3 
Ht
m 
DBH
cm 
Vol 
 m3 
Ht 
m 
DBH 
cm 
Vol
m3 
Northern 9.4 20.2 0.09 9.2 16.0 0.06 8.5 12.4 0.03 8.4 13.0 0.03 
Southern 7.5 16.9 0.05 7.6 13.5 0.03       
 
Timber value 
It is difficult to put a value on the timber resource at Belalie Farm.  There is no timber 
industry in the Esperance district to date so the stumpage value of trees for sawlogs or 
woodchip is a matter of conjecture.  Because of the distance from existing markets it is 
expected that the majority of timber produced around Esperance would go for export.  CALM 
domestic stumpage rates provide an price indictor but are likely to be conservative as they are 
set below world parity prices (Burnage 1996). 
As the pines on Belalie have not been pruned their value as sawlogs is questionable.  
However, they may have some value as timber for CCA treated poles.  Burnage (1996) made 
an analysis of the economics of producing P. pinaster sawlogs in the Esperance district.  The 
analysis assumes the trees are improved provinences, high pruned, achieve a Mean Annual 
Increment (MAI) of 12.8 m3/ha over a 40 year rotation and improve gross margins of the farm 
generally by 10% by ameliorating land degradation.  Given present prices (which have fallen 
substantially in recent years) the annual gross margin would be about $39 as compared to $ 
80 for a cropping/grazing rotation.  The return is sensitive to stumpage, yield and discount 
rate.  Increasing yield or price by 20% or decreasing the discount rate to 5% would make 
growing P. pinaster  more competitive with conventional agriculture. 
The trees on Belalie were planted into newly cleared land with no fertilizer history, often 
along cleared strips with the bush between the tree lines being cleared only when the trees 
were established.  While this is a desirable practice in terms of land conservation, it probably 
resulted in the trees growing more slowly than if they had been planted into previously 
cleared agricultural land.  This must be considered when discussing tree growth at the site.  
Eric Hopkins (pers com) used growth curves from trees north of Perth to predict timber 
volumes and MAI from the height of the pines at Belalie in 1996.  The predicted MAI for the 
windbreaks is between 4 and 5 m3/ha.  These growth rates are considered very poor compared 
THE PHYSICAL AND HYDROLOGICAL CHARACTERISTICS OF A SOUTH COAST SANDPLAIN SITE 
73 
to rates achieved by plantations around Perth.  Clearly they are not high enough to make 
sawlog production profitable given present prices.  This is not to say that the trees already 
established are not a valuable resource, rather that planting P. pinaster trees at this site solely 
for their timber value may not be the best economic use of the land.  New selections of P. 
pinaster have 20% higher growth rates than the trees available when the windbreaks were 
planted on Belalie (Trevor Butcher, pers com) this combined with the nutrient and soil 
moisture conditions now experienced on the farm would substantially improve growth rates at 
the site.  Still, pine timber production is unlikely to be profitable without considerable 
increases in the stumpage values of the trees. 
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